Background: Analysis of genetic polymorphisms in short tandem repeats (STRs) is an accepted method for detecting associations between genotype and phenotype but it has not previously been used in the study of the genetics of impulsive violent behavior. Objective: Compare the prevalence of different polymorphisms in 15 STR loci (D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338, D19S433, vWA, TPOX, D18S51, D5S818 and FGA) between men with a history of impulsive violence and male control subjects without a history of impulsive violence. Methods: The distributions of the alleles of the 15 STR loci were compared between 407 cases with impulsive violent behavior and 415 controls using AmpFlSTR® Identifiler™ kits. Results: Compared to controls, the average frequencies of the following alleles were significantly lower in individuals with a history of violent behavior: allele 10 of TH01 (OR=0.29, 95%CI=0.16-0.52, p<0.0001,), allele 8 of TPOX (OR=0.71, 95%CI=0.58-0.86, p=0.0005), allele 9 of TPOX (OR=0.65, 95%CI=0.47-0.89, p=0.0072) and allele 14 of CSF1PO (OR=0.27, p=0.0035). One allele was significantly higher in cases than controls: allele 11 of TPOX (OR=1.79, 95%CI=1.45-2.22, p<0.0001). Conclusions: To the best of our knowledge, this is the first behavioral genetic study that clearly demonstrates a close relationship between specific genetic markers and impulsive aggression in non-psychiatric offenders. Further prospective work will be needed to determine whether or not the alleles identified can be considered risk factors for impulsive aggression and, if so, the underlying mechanisms that result in this relationship.
Introduction
Impulsive violent behavior is a non-premeditated aggressive act that an individual engages in hastily without any consideration of the consequences. It usually occurs as an exaggerated response to emotionprovoking events and often leads to undesirable consequences. [1] Individuals with impulsive violent behavior often have difficulty controlling their behavior (i.e., they have behavioral disinhibition). Most of them feel regret after their violent acts. [2] Compared to individuals who have premeditative violent behavior, those with impulsive violent behavior have a relatively low 5-hydroxyindoleacetic acid (5HIAA) concentration in their cerebrospinal fluid (CSF); this suggests an underlying biological basis for impulsive violent behavior. [3] Previous studies have found that postsynaptic 5-serotonergic (5-HT 1B ) receptors are involved in the modulation of impulsivity and aggression: the 5-HT 1B receptor agonists inhibit 'aggression or impulsivity' modulating neurons (including dopaminergic, cholinergic and GABA-ergic neurons) and, thus, facilitate various behaviors related to impulsivity, hyperactivity and aggression. [4] Accumulating evidence suggests that impulsive violent behavior is partially determined by genetic factors. [5] A previous study found that dopamine D3 receptor (DRD3) polymorphism is highly associated with impulsivity. [6] Retz and colleagues revealed a significant role of the central serotonin transporter promoter gene (5-HTT gene-linked polymorphic region, 5-HTTLPR) in impulsive violent behavior in their study of 153 male Caucasians referred for a forensic psychiatric examination. [7] A systematic review of 109 papers concluded that the functional variable number of tandem repeats (VNTR) polymorphism of the promoter region of the monoamine oxidase A (MAOA) gene plays a role in impulsivity and aggressive behavior. [8] Moreover, the catechol-O-methyltransferase (COMT) gene, which codes for a principle enzyme that catalyzes the metabolism of dopamine, was also considered one of the candidate genes that contributes to the risk of impulsive violent behavior. Some studies report an association between the COMT gene and impulsive violence among patients with schizophrenia, [9] [10] [11] but other studies have not confirmed this finding. [12, 13] Vevera and colleagues [14] found that male non-psychotic violent offenders who were repeatedly sentenced for impulsive attacks and diagnosed with Antisocial Personality Disorder (APD) had higher frequencies than control subjects of the Ala146Val polymorphism of catecol-Omethyltransferase (COMT). Prichard and colleagues [15] assessed 15 simple sequence repeat polymorphisms in 10 candidate genes in 2097 young Caucasian adults who were arrested; they found significant associations of antisocial behavior in men with androgen receptor (AR) and estrogen receptor 1 (ESR1) polymorphisms, and significant associations of antisocial behavior in women with the nuclear receptor subfamily 4 group A member 2 (NR4A2) and transcription factor AP-2 beta (TFAP2B). In summary, although it is certain that genetics play a role in impulsive violent behavior, the specific genes or genotypes have not yet been identified.
In a previous study our group compared 15 short tandem repeat (STR) loci in individuals with and without impulsive violent behavior and found statistically significant differences in the TH01 and TPOX loci. [16] A short tandem repeat (STR) is a type of VNTR that is less than 400 base pairs in length and that includes 10 to 30 repetitions of sequences of 2 to 6 base pairs. STRs were selected from the non-coding regions of DNA, commonly termed 'junk DNA'. Markers from such chromosomal regions do not provide specific genetic information, [17] but these regions do include relatively long DNA sequences that exhibit high levels of linkage disequilibrium (LD) with adjacent 'recombination hotspots' [18, 19] that are called genomic or haplotype blocks. These STR loci vary across different ethnic groups and may even occur uniquely within particular populations. [20] Thus, genetic polymorphism analysis of STR loci has been widely used in a number of fields including forensic biology, genetic mapping, linkage analysis of disease mechanisms, paternity tests, species polymorphism analysis, tumor biology, population genetics, evolutionary biology and so on.
The AmpFlSTR® Identifiler™ kit contains 15 STR loci of euchromosome and one sex-chromosome loci. As shown in Table 1 , the 15 STR loci are tetranucleotide repeats distributed in 13 chromosomes (2, 3, 4, 5, 7, 8, 11, 12, 13, 16, 18, 19 and 21) . It is currently believed that the heredity of each STR is independent, that is, unrelated to the heredity of other STRs. The 15 STR loci are inherited in a Medellin fashion with a low mutation rate in the population. These STR loci are characterized by easy amplification, accurate electrophoresis classification, good repeatability and consistent genotype in different tissues. [21] Schizophrenia, a disorder that may include symptoms of increased aggressive behavior, has been associated with genetic abnormalities in regions on several human chromosomes: 1q21-22, 5q21-23, 6p22-24, 6q21-25, 8p12-21, 10pl1-15, 10q25.3-q26.3, 13q32-34, 22ql1. [22] The 15 STR loci in the AmpFlSTR® Identifiler™ kit include adjacent or overlapping areas with these regions that have been associated with schizophrenia. And some of the 15 STR loci are adjacent to the identified impulsivity-related genes mentioned earlier: the DAD3 receptor gene and D3S1358 are both on chromosome 3; the DAD4 receptor gene and TH01 are both located on chromosome 3p; and the 5-HT2A receptor gene on chromosome q14-21 is adjacent to chromosome 13q22-31 where D13S317 is located. Therefore, confirming the association between impulsive violence and these 15 STR loci has the potential for identifying genetic markers that could be used to screen for impulsive offenders.
Built upon our previous study with 203 violent offender subjects, [16] the current study seeks to further examine the association between the 15 STR loci and impulsive violent behavior by conducting genetic polymorphism analysis in a significantly enlarged sample of Han male offenders in Jiangsu province, China. Figure 1 shows the enrollment of participants. The records and blood samples of all male offenders arrested from September 2003 to December 2010 All the 1049 offenders with impulsive violent behavior were contacted by telephone; 389 did not respond and 211 refused to participate. Each participant who provided oral informed consent was interviewed by a psychiatrist over the telephone; this interview, which included an unstructured diagnostic exam, was subsequently presented to another psychiatrist and the two psychiatrists would then collectively determine whether or not the individual had a mental disorder and, if so, the probable diagnosis. Interviewers also spoke to at least one relative of each offender by telephone and recorded standardized information about the health and behavior of the individual. Records in the China National Crime Information System were checked to determine whether or not biological relatives of the enrolled offenders had a history of criminal behavior. Individuals who met any of the following criteria were excluded from the sample: (a) a serious mental disorder based on the telephone interview or based on a history of a mental disorder that had previously been diagnosed by a psychiatrist; (b) a history of premeditated aggressive behavior; (c) having a biological relative with a criminal record; (d) history of a head injury; (e) an obvious physical illness; or (f) a history of substance abuse problems. Following this screening procedure, 407 (38.7%) individuals with impulsive violent behavior were enrolled in the current study.
Methods

Sample
For the control group, blood specimens from a convenience sample of 415 males were obtained from among the male staff members of the People's Liberation Army (PLA) 102 nd hospital in Changzhou and the Public Security Bureau of Changzhou who were undergoing a routine annual physical examination. Potential participants in the control group were screened (typically in a face-to-face interview), and those with any of the following conditions were excluded: (a) self-report of a history of a mental disorder in the individual or his family members; (b) having criminal records or a history of violent behavior; (c) having family members with a history of violent behavior or criminal records; (d) a biological relationship with any of the other individuals in the control sample. All 415 of the identified individuals were eligible to participate and provided written informed consent.
All participants in this study were Chinese males of Han ethnicity and had no kinship with each other. The study was approved by the Ethics Committee for the Protection of Human Subjects of the PLA 102 nd Hospital.
Genetic testing 2.2.1 Sample preparation
The specimens of whole ethylene diamine tetraacetic acid (EDTA) blood were collected from each participant. Genomic DNA was extracted from white blood cell fractions using the chelex-100 protocol.
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Detection of PCR product
1 μL of each PCR product and 14 μl of 37:1 Hi-Di™ formamide (Applied Biosystems, USA): GeneScan™-500 LIZ™ size standard (Applied Biosystems, UK, part no. 4322682) was added to each well in a 96-well microtitre plate. Wells containing 1 μL AmpFlSTR® allelic ladder were included on the plate, containing amplified alleles for all of the STR loci included in the Identifiler™ kit. Following the manufacturer's protocol, [24] samples were run on a capillary electrophoresis (CE) sequencer (Applied Biosystems, ABI Prism® 3100 Genetic Analyser) using Collection software V1.0 (Applied Biosystems). Sample data from the 3100 CE instrument was analyzed using ABI Prism™ GeneMapper™ ID v3.2. The LIZ™ size standard peaks were used to determine the size (bp) of peaks, and allele designation was determined by comparing it to the allelic ladder.
Statistical analysis
The PowerStats software (Promega Corporation) was used to obtain allele gene and genotype frequencies of the 15 STR loci, and tests of Hardy-Weinberg equilibrium were performed using an online calculator (http://www.oege.org/software/hwe-mr-calc.shtml). SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA) was used to perform statistical comparisons between the two groups. The significance level was set at 0.05. T-tests were used to compare the distributions of age in offenders and controls. R×C chi-squared tests were employed to compare the distributions of genotypes and alleles in each STR. When the R×C chi-squared test was significant at the 0.05 level, the allele or genotype frequencies of the STR was subsequently compared using 2×2 chi-squared tests or, if there were insufficient numbers in any of the cells, by Fisher exact tests. To adjust for the multiple testing issue, the level of statistical significance for these pairwise tests was set at 0.05/N, where N was the number of pairwise comparisons in each STR. In addition, univariate odds ratios (ORs) with 95% confidence intervals (CI) of the different allele or genotype frequencies were determined as a measure of the strength of association.
Results
The mean (sd) age of the case group (27.4 [6.9] years, range=20-56) was not statistically different from that of the control group (28.3 [7. 1] years, range=18-60) (t=1.84, p=0.076).
All genotype frequencies of the 15 STRs were consistent with the Hardy-Weinberg equilibrium in both groups (p>0.05).
The main results are shown in Tables 2 to 8 . The distributions of specific alleles of TH01, TPOX, CSF1PO, D3S1358, D13S317, D18S51, and FGA in cases with impulsive violent behavior were significantly different • 358 • The frequencies of some other alleles were different between the two groups but only at a trend level (i.e., they did not reach the specified level to be considered statistically significant): alleles 12 and 19 of D3S1358; alleles 7, 8 and 12 of D13S317; alleles 16 and 19 of D18S51; and alleles 18 and 23 of FGA.
We did not find any statistically significant difference when comparing specific genotypes between individuals with and without impulsive violent behavior.
Discussion
Main findings
By comparing genetic polymorphism of 15 STR loci between cases with impulsive violent behavior and controls, we found that certain alleles on loci TH01, TPOX and CSF1PO were associated with impulsive aggression among Chinese males of Han ethnicity. The frequencies of TH01 allele 10, TPOX allele 8 and 9, and CSF1PO allele 14 were significantly lower in cases than in controls and the frequency of TOPX allele 11 was significantly higher in cases than in controls. These results are similar to our previous study that used a smaller sample size (n=203), [16] with the exception that the previous study did not identify a statistically significant difference between cases and controls in allele 14 of the CSF1PO locus.
The underlying mechanism for the relationship between these allelic differences and impulsive • 360 • aggression remain unclear, but there are several possible pathways that deserve further investigation. TH01, also known as TC11, is a tetrameric STR locus located in the first intron of the tyrosine hydroxylase (TH) gene. It has an AATG repeat and its chromosomal location is 11p15.5p. TH is the enzyme that regulates the synthesis of catecholamine neurotransmitters, including epinephrine, norepinephrine and dopamine. [25] TPOX, also known as hTPO, is the tenth intron of thyroid peroxidase (TP) gene. It has an AATG repeat and its chromosomal location is 2p23-1pter. TP is a glycoprotein of thyroid cell membrane; it is an enzyme expressed mainly in thyroid hormones. [26] CSF1PO locus is a c-fms proto-oncogene for colony stimulating factor 1 receptor (CSF1R). It has an AGAT repeat and its chromosomal location is 5q33.5-q34. CSF1R is encoded by the c-fms proto-oncogene, and is a member of a family of growth factor receptors that exhibits an intrinsic tyrosine-specific protein kinase activity. [27] Thus the allelic differences we identified in men with impulsive aggression suggest that they may have abnormalities in the syntheses and metabolism of catecholamine neurotransmitters and thyroid hormones, changes that could be associated with an increase in impulsive aggression. [28] [29] 
Limitations
The current study is associative in nature, so we were unable to identify a causal relationship between the identified alleles and impulsive aggression. It is possible that the observed association between TH01, TPOX and CSF1PO loci and impulsive aggression may be attributed to adjacent genes that are expressed jointly with the loci under study. Further studies are needed to explore the mechanisms underlying the associations we have identified. There is still a long way to go before it will be possible to use genetic markers such as these loci to predict violent behavior or to identify individuals at high risk of violent behavior. There are, moreover, several ethical issues that would need to be addressed before the genetic results could be used to do this.
Given the complexity of violent behavior, our assessment of whether or not an individual had 'impulsive aggression' was based on limited information obtained by a telephone interview so there may have been some level of misclassification. More detailed, standardized measures need to be developed that can more precisely classify the phenotypes of aggression, though there will always be some cases in whom it will be impossible to definitively distinguish premeditated from non-premeditated (i.e., impulsive) aggression.
The present study was restricted to male offenders, so the results may not be relevant for females. Only 38.7% of the offenders with impulsive aggression were included in the study and many individuals with impulsive aggression do not become criminal offenders, so our results may not be representative of all men with impulsive aggression. And despite the relatively large sample, the frequencies of some of the alleles were very low (or zero), so even larger studies will be needed to assess the potential relationship of these alleles to impulsive aggression.
Implications
To the best of our knowledge, this is the first behavioral genetic study that clearly demonstrates a close relationship between specific genetic markers and impulsive aggression in non-psychiatric offenders.
Further prospective work will be needed to determine whether or not the alleles identified can be added to the list of risk factors that are already known to predict violent behavior: a prior history of violence, [30] antisocial personality [31] and substance abuse. [32] Gu and colleagues [11] have suggested using the COMT gene and the haplotypes A-A-G and G-G-A as a biomarker for predicting violent behavior among people with schizophrenia; more work will need to determine whether or not similar genetic biomarkers will be of value in predicting impulsive violence among people without mental illnesses.
Given the multiplicity of factors that influence complex behaviors such as violence, it is probable that a variety of genetic mechanisms are involved in increasing or decreasing the likelihood of such behavior. Our study has shown that testing genetic polymorphism of STR loci -a technology that is now relatively mature and widely available -is an effective method of simultaneously considering a number of genetic pathways that could be involved in such complex behaviors.
